KrF excimer laser lithography is a major candidate for sub-half micron VLSI technology, although it has many problems. The main topics of the present paper is not the excimer laser lithography, but a lithographic application of excimer laser photoablation, and surface modifications of polymer films, including silylation and metallization induced by excimer laser irradiation.
VLSI technology, although it has many problems. The main topics of the present paper is not the excimer laser lithography, but a lithographic application of excimer laser photoablation, and surface modifications of polymer films, including silylation and metallization induced by excimer laser irradiation.
Because the main application of excimer laser ablation is contact hole fabrication, photoablation of Teflon or Teflon like materials is important. We carried out photoablation of Teflon AF (a copolymer of tetrafluoroethylene and 2,2-bis(trifluoromethyl)-4,5-difluoro-l,3-dioxolene) using a dopant at 193 and 248 nm.
High temperature resistant polymers like polyimides and polyphenylquinoxaline show imagewise wetting after excimer laser exposure in air, giving rise to direct surface silylation of these materials. Although we have not carried out image transfer experiments yet, XPS data clearly showed silicon incorporation. Imagewise metallization of these polymer surfaces after ArF excimer laser exposure in air showed some interfacial compound formations between exposed polymer surfaces and metal deposited. The XPS data of gold on PPQ exposed in air will be discussed.
Introduction
KrF excimer laser lithography is a major candidate for sub-half micron VLSI technology, although it has many problems including photoresists. The main topics of the present paper, however, is not the excimer laser lithography, but lithographic application of excimer laser photoablation, and surface modification of polymer films, including silylation and metallization induced by excimer laser exposures in air. It is well known that the delay time on chip is now shorter than the one in packaging. In VLSI technology packing lithography is equally important as microfabrication of very fine line images on chip. The main part in the packaging is contact hole fabrication in an insulating dielectric layer. The via hole fabrication in polyimide layers using XeCI excimer laser is reported.' The dielectric constant of polyimide layers depends on its moisture content. Poly(tetrafluoroethylene) and other polymeric perfuorohydrocarbons have much smaller dielectric constants, and they are heat and flame resistant and moisture free.
However, they cannot be spin-coated for films and they cannot be photoablated by a conventional excimer laser because of no UV absorption. A copolymer of tetrafluoroethylene and 2,2-bis(trifluoromethyl)-4,5-difluoro-l,3-dioxolene, Teflon AF,2 is soluble in certain fluorocarbon solvents, and spin-coatable for films. It has the lowest dielectric constant, 1.9, as an organic material. It has good adhesion on silicon wafers and some metals. The present paper describes its excimer laser photoablation using doping and dedoping techniques. Poly(phenylquinoxaline), PPQ, has a dielectric constant of 2.6, smaller than that of polyimides, and higher heat-resistancy. It has poor adhesion on substrates, but it can be improved by curing at a high temperature. This paper describes its surface modifications together with polyimide films using ArF and KrF excimer laser, including imagewise wetting, surface silylation, and special imagewise metallization after metal deposition. The mechanisms were studied using quartz crystal microbalance, contact angle measurements, and XPS.
Photoablation by UV pulse lasers
Fabrications of sub-micron polymer images using excimer laser ablation were reported.3
However, this mode of microlithography is inefficient and not practical. The major application of photoablation is the fabrication of contact holes in polyimide layers. To extend this technique to Teflon or Teflon AF films, either very short femto-second excimer lasers4 or doping is required. Doping and dedoping techniques are probably easier than accomplishing a very short excimer laser pulse generation. As dopants we used perfluoroalkyl-substituted triazene and biphenyl. The main considerations are their UV absorption spectra, solubility in fluorocarbon solvents and volatility in soft-bake and dedoping bake temperatures. Figure 1 shows the UV spectrum of doped Teflon AF films. After heating the doped Teflon AF films at 200°C, the film became completely free from presence of the dopant, as shown in Fig. 1(B) . Fig. 1(c) showed a deepening of the UV absorption by deep UV irradiation and its permanent residence in the film after baking at 200°C, different from the unexposed film. We don't know what kind of reactions took place during deep UV exposure of the doped Teflon AF films. However, it
clearly indicated a possibility of imagewise doping, making it unnecessary to use a mask during photoablation process. Figure 2 showed photoablated 10 micron thick Teflon AF films with 25 wt% of tri-CgF19-substituents to triazene using 10 pulses KrF excimer laser at a fluence of 420 mJ/cm2. Figure 3 showed the similar result as Fig. 2 except 100 micron thick Teflon AF films with lb wt% of tri-C,F15-substituents to triazene using 100 pulses ArF excimer laser.
With an increase of the dopant concentration the wall profile of the etched holes became sharper and vertical. These SEM pictures clearly demonstrate the capability of laser ablation through thick Teflon AF films with a controllable wall profile.
3* Surface modifications and imagings
Poly(phenylquinoxaline), PPQ, has a similar glass transition temperature than polyimde and heat resistant up to 650 °C. When exposed to excimer laser pulses it behaves similarly in respect .
to contact angle measurements, hydrophilicity, and specific interactions with metal deposited, despite its different chemical nature, as shown;
The water/air contact angles on ArF excimer laser exposed surfaces are shown in Figure 4 as a function of laser f luence. An increasing contact angle in advancing mode was due to redeposited materials on the exposed polymer surfaces. The receding contact angle, indicative of the chemical nature of the surface, clearly demonstrates strong hydrophilicity obtained after the laser exposure in air. This hydrophilicity can also be demonstrated in specific imagewise After ArF excimer laser exposures of PPQ in air, uniform metal deposition of a few hundreds Angstrom thickness on the polymer films by either vapor deposition of aluminum or sputter deposition of gold, copper or gold-paradium were carried out. However, the exposed PPQ surfaces are found electrically non-conducting, surrounded by conducting unexposed areas.
The similar result is obtained with polyimides but not with polystyrene and others. The results are summarized in Table 1 for aluminum deposition. Fig. 5 (B) shows such an effect with Kapton films. The excimer laser exposed areas are dull, not shinny. The increased resistivity was partly due to surface roughness due to redeposited materials. However, the roughness alone cannot explain 0 the difference among the polymers studied. XPS study of 50 A gold film deposited on ArF excimer laser exposed PPQ showed some compound/complex formation, as shown in Figure 6 .
We are now investigating this effect.
Summary
Effects of excimer laser exposures on polymer surfaces are reported, which include photoablation of Teflon AF by ArF and KrF excimer laser pulses, and surface modifications of PPQ and polyimides. Imagewise wetting and silylation may find some applications. There are some unsolved questions of the nature of interactions between deposited metals and laser exposed polymer surfaces. The study on these problems are in progress. Table  1 0 Surface resistivity of 300 A Aluminum films on ArF laser exposed areas. Fig. 6 XPs signals of gold deposited on PPQ polymer films: (a) gold on unexposed PPQ, (b) gold on ArF excimer laser exposed PPQ; a small peak at 84 ev disappeared on annealing in UHV.
